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 I. Introduction 
  Assessment of the potential impacts of the Gothenburg Protocol1 scenarios prepared 
by the Cooperative Programme for Monitoring and Evaluation of the Long-range 
Transmission of Air Pollutants in Europe 
1. Sub-groups of the Working Group on Effects (WGE) under the Convention on 
Long-range Transboundary Air Pollution (Air Convention) have been collating information 
and developing models and databases on the adverse effects of air pollution for the past 20 
to 30 years. The data are based on coordinated monitoring carried out in many countries 
within the United Nations Economic Commission for Europe (ECE).2 The value of their 
cumulative information is unique because: 
(a) The data series were compiled over two to three decades in a harmonized 
way, with a representative coverage of the situation in Europe; 
(b) This information was focused on air pollution and consider changing climate 
conditions; 
(c) Collaborations involved a large number of countries under the Air 
Convention and were across disciplines and country borders;  
(d) Information was gathered in order to respond to policy needs.  
2. In 2010, prompted by the ongoing revision of the 1999 Protocol to Abate 
Acidification, Eutrophication and Ground-level Ozone (Gothenburg Protocol), a Working 
Group assessment of air pollution effects was initiated for the different economic scenarios 
under negotiation within the Convention. The scenarios considered here were presented in 
the Centre for Integrated Assessment Modelling (CIAM) report 4/2011.3 From these 
economic scenarios, the Cooperative Programme for Monitoring and Evaluation of the 
Long-range Transmission of Air Pollutants in Europe (EMEP) has computed the expected 
geographical distribution of air pollutants concentrations and deposition. Subsequently, the 
Working Group applied these EMEP data to assess the effects on the environment, human 
health and materials. Results were described in the report by the Working Group on impacts 
of air pollution on ecosystems, human health and materials under different Gothenburg 
Protocol scenarios (WGE Impact Report).4 They are summarized here.  
  
 1 The 1999 Protocol to Abate Acidification, Eutrophication and Ground-Level Ozone to the Economic 
Commission for Europe Convention on Long-range Transboundary Air Pollution. 
 2 The United Nation Economic Commission for Europe brings together 56 countries located in the 
European Union (EU), non-EU Western and Eastern Europe, South-East Europe, the Commonwealth 
of Independent States and North America (see http://www.unece.org/). 
 3 Available from 
http://www.unece.org/fileadmin/DAM/env/documents/2011/eb/ge1/2_CIAM_report_4_2011.pdf. 
 4 Submitted to the Executive Body to the Convention at its thirtieth session as informal document  
No. 14. The report is available from 
http://www.unece.org/fileadmin/DAM/env/documents/2012/EB/n_14_Report_WGE.pdf.  
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 II. Field experiments and monitoring provide complementary 
information indicating that current legislation is leading  
to a slow, and incomplete, recovery of ecosystems  
from acidification 
3. The long time series of large data sets gathered by the International Cooperative 
Programmes (ICPs) illustrate either time or spatial variations of air pollution effects on the 
environment, materials and human health. This information had been used to better 
understand processes such as those leading to soil and water acidification and 
eutrophication, biology recovery, ozone impact, material soiling and corrosion and health 
impacts, and to develop databases and models. In particular, dynamic models provide 
valuable tools to test concepts as well as to provide insight on the future state of the 
structure and functions of the environment as they describe the evolution of biology 
(damages and recovery) with time.  
4. Several examples of the combined use of monitoring, databases and models were 
provided in the WGE Impact Report. The chemical recovery of streams and lakes across 
Europe described there is one illustration of such an efficient combination of monitoring 
and modelling. 
5. Robust dose-response relationships between acid neutralizing capacity (ANC)5 of 
water bodies and key indicators of ecosystems have now long been established. Indicator 
organisms, such as viable populations of fish (brown trout, salmon) and biodiversity of 
diatoms, invertebrates or aquatic plants, have been used to set critical limits (ANClimit), 
which in turn  have been used to determine critical loads of acidity.6 Below the critical 
limit, the water body is either acidified or at risk of acidification. Above this limit, it is 
protected against acidification resulting from atmospheric deposition.  
6. Monitoring and modelling carried out by the International Cooperative Programme 
on Assessment and Monitoring of the Effects of Air Pollution on Rivers and Lakes (ICP 
Waters) in Lake Saudlandsvatn, an example of acidified lake in Norway, showed how the 
ANC had decreased well below the ANClimit, while sulphur dioxide deposition had been 
increasing (until the 1990s, figure 1). ANC had increased again when air pollution 
abatement policies were implemented (from the 1990s). Modelling showed that in the 
future the chemical recovery would continue. ANC was expected to eventually level off, 
although at values closer to the ANClimit than they had been in pre-industrial times. 
Therefore, during some “bad” years, due to unfavourable meteorological conditions, the 
ANC may fall again below the ANClimit. Consequently, populations of the most sensitive 
organisms may be wiped out, causing a setback for the whole ecosystem recovery.  
7. Although sulphur dioxide deposition has been declining over the past 30 years, 
recovery of the brown trout population in Lake Saudlandsvatn only started more recently 
(figure 2). Hence, further monitoring in the future would be needed to establish whether the 
recovery of the brown trout (and in general of biology) will be long lasting. 
  
 5 ANC is a measure of the capacity of a soil or a water to keep a stable pH when acidifying compounds 
are added.  
 6 A. Henriksen and M. Posch, “Steady-State Models for Calculating Critical Loads of Acidity for 
Surface Waters”, Water Air and Soil Pollution: Focus, vol. 1, Nos. 1 and 2 (2001), pp. 375–398. 
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  Figure 1 
Concentrations of sulphate (SO4) and ANC in Lake Saudlandsvatn measured  
(red squares) and simulated (blue lines) with the Model for Acidification of 
Groundwater In Catchments (MAGIC)7  
 
Source: The International Cooperative Programme on Assessment and Monitoring of the 
Effects of Air Pollution on Rivers and Lakes Waters (ICP Waters). 
Notes: The future simulated values assume total sulphur deposition as specified by the 
baseline scenario BL20208 with linear decrease from 2000 to 2020 and constant level past the year 
2020. 
 
 
  
 7 http://www.macaulay.ac.uk/recover/magic.htm. 
 8 BL2020: Current Legislation baseline scenario for the year 2020 as described in CIAM report 
4/2011(see footnote 4). 
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  Figure 2 
Trends in sulphur dioxide deposition and the abundance of brown trout in Lake 
Saudlandsvatn, Norway 
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Source: ICP Waters. 
8. The International Cooperative Programme on Assessment and Monitoring of Air 
Pollution Effects on Forests (ICP Forests) data provided another example where monitoring 
was efficiently combined with modelling. The ICP Forests monitoring network provided a 
wide and dense coverage of Europe’s forest ecosystems. With the monitoring data collected 
at each site — at times since the 1990s — with historical and forecasted meteorology and 
emissions inventories and following methodologies described in the manual for modelling 
and mapping critical loads and levels,9 ICP Forests has been able to model the evolution of 
ecosystem processes at its sites for over one and a half centuries. The results showed that 
the share of plots with extremely low pH was higher in the years between 1970 and 1990, 
which was the time when increased defoliation for a number of tree species led to fears of 
widespread forest dieback. Soil pH has increased again after that period (figure 3). 
However, the share of plots in the ICP Forests network with low base saturation has 
doubled from 10% to 20% of the total number of plots. This is of concern because base 
cations are necessary nutrients for plants and form an important part of the soil buffer 
capacity against soil acidification and of the watersheds they belong to. Modelling predicts 
no recovery of these sensitive soils, particularly in the most intensively acidified areas (i.e., 
in Central and Eastern/Northern Europe, figure 4). Although a general amelioration of 
forest condition in Europe has been observed, in some areas, the chemical status of forest 
soils remain of concern. 
  
 9 Till Spranger et al. (ed), Manual on methodologies and criteria for Modelling and Mapping Critical 
Loads and Levels and Air Pollution Effects, Risks and Trends (Berlin: German Federal Environmental 
Agency, 2004). Available from http://www.icpmapping.org. 
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  Figure 3 
Overall trend for pH value modelled by Very Simple Dynamic (VSD+) model 
and classified by buffering classes for forest soil at 77 plots in Europe assuming 
future deposition according to the BL2020 scenario  
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Source: ICP Forests. 
  Figure 4 
Overall trend for base saturation classes modelled by soil chemistry model  
VSD+ for 77 plots in Europe assuming future deposition according to the  
BL2020 scenario  
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Source: ICP Forests. 
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9. The International Cooperative Programme on Modelling and Mapping of Critical 
Loads and Levels and Air Pollution Effects, Risks and Trends (ICP Modelling and 
Mapping) provided assessment of acidification at European scale. It showed the success of 
the reduction of acidifying emissions. It also showed that acidification will continue to put 
scattered areas at risk in 2020 (under current legislation) particularly in Central and 
Northern Europe, covering about 4% of terrestrial ecosystems (7% of Natura2000 areas 
remain at risk of acidification in 2020). 
 III. Past policies have been less stringent for nitrogen emission 
reductions than for sulphur, entailing a high risk of 
eutrophication across Europe 
10. Following the implementation of international agreements and political changes, 
emissions of acidifying air pollutants have been reduced dramatically in Europe since the 
1990s (figure 5): 
(a) By 2020, sulphur dioxide emissions will have decreased by about 85% 
compared with their maximum value in the 1990s. Meanwhile, nitrogen emissions will 
have decreased by only about 50% compared with their maximum value; 
(b) Sulphur dioxide emissions in 2020 will be less than twice their 1880 value. 
Meanwhile, nitrogen emissions in 2020 will be between two and three times higher than 
what they were in 1880. 
11. Thus, sulphur (S) emissions have been successfully curbed since 1990 but nitrogen 
(N) remains a pollutant of high concern. It has deleterious effects via several processes 
(acidification, eutrophication and as precursor of ozone and particulate matter). 
  Figure 5 
1880–2030 development of European emissions of S (solid line), oxidized N (dashed 
line) and reduced N (dashed-dotted line). 
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Source: Coordination Centre for Effects (CCE)10. 
Notes: Baseline scenarios for 2000 and 2020 are represented with thick lines. The thin lines 
point to the Maximum Technically Feasible Reduction (MTFR) scenario for 2020. NO2 = nitrogen 
dioxide; SO2 = sulphur dioxide; NH3 = ammonia. 
  
 10 http://www.rivm.nl/en/Topics/Topics/C/Coordination_Centre_for_Effects_CCE. 
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12. ICP Forests had assessed the eutrophying potential of nitrogen through the carbon to 
nitrogen ratio (C:N). This ratio of carbon concentration over nitrogen concentration in soils 
has low values when conditions become eutrophic, i.e., when there is more nitrogen 
available in soils than required for ecosystem functioning (mainly plant uptake for their 
growth). High levels of nitrogen in soils lead to a greater abundance of nitrogen loving 
plant species, to a decline in nitrogen-sensitive species and to nitrogen leaching from soil as 
plant needs are exceeded.  
13. Long-term modelling by ICP Forests shows that, from 1980, there is a clear trend 
towards more nutrient-rich conditions, indicated by the increasing shares of eutrophic and 
hypertrophic conditions (C:N between 10 and 17 and below 10, green and yellow, 
respectively, in figure 6) at the 70 seven sites considered across Europe. 
  Figure 6 
Overall trend for C:N ratio modelled by VSD+ and classified by nutrient  
levels for forest soils at 70 seven plots in Europe assuming future  
deposition according to the BL2020 scenario  
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Source: ICP Forests. 
14. These forest data correlate well with the International Cooperative Programme on 
Integrated Monitoring of Air Pollution Effects on Ecosystems (ICP Integrated Monitoring) 
observations and calculations. This programme has observed that, at 24 of its sites, 
measured nitrogen leaching was correlated with exceedances of empirical critical loads 
(figure 7). These data provide field evidence for the validity of the critical loads approach.  
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  Figure 7 
Exceedance of empirical values of critical load for nutrient nitrogen (ExCLempN, eq 
ha-1 yr-1) vs. mean annual concentrations (left) and fluxes (right) of TIN (total 
inorganic nitrogen, i.e., NO3+NH4) in run-off for 16-24 ICP Integrated  
Monitoring sites between 2000 and 2002 
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Source: ICP Integrated Monitoring. 
Notes: Exceedance values were calculated using the 2000 deposition scenario described in CIAM 
report 4/2011. Negative exceedance values included in graphs represent non-exceedance of critical 
loads. The sites with a significant input of N from sources other than deposition are denoted with a 
lighter green circle. NO3 = nitrate; NH4 = ammonium. 
15. European-wide maps of critical loads and of their exceedances have been prepared 
by ICP Modelling and Mapping. Two approaches are available today in the Working Group  
toolbox for assessing nitrogen as a nutrient: 
(a) Computed critical loads, based on models that simulate soil chemistry. 
Computed critical loads are used in the Greenhouse Gas and Air Pollution Interactions and 
Synergies (GAINS) model11 for optimization of environmental effects and control costs; 
(b) Empirical critical loads, evaluated from vegetation changes observed during 
field experiments or along transects of nitrogen deposition gradients.  
16. Irrespective of the approach, the trends remain the same. In 2000, critical loads 
exceedances of nutrient nitrogen were high and covered broad areas. By 2020, for all 
scenarios considered and however ambitious they are, risk of eutrophication to terrestrial 
ecosystems would diminish but would not disappear. This is illustrated in figure 8 by 
comparing the effects of increasingly ambitious nitrogen emission reductions reflected in 
the scenarios “Current Legislation” (CLe2020), LOW*2020, MID2020, High*2020 and 
finally the modelled implementation of the maximum technically feasible reductions 
(MTFR) 2020 scenario (MTFR2020). The figure illustrates that the magnitude of the risk of 
impacts decreases (less red, orange and yellow shadings and more green shading) and that 
the area at risk becomes smaller (larger zones of grey areas) when more stringent air 
pollution scenarios are considered. Under current legislation, 37% of European terrestrial 
  
 11 http://www.iiasa.ac.at/gains/documentation.html. 
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ecosystems (58% of Natura2000 areas) would continue to be at risk of eutrophication in 
2020. 
  Figure 8 
Average Accumulated Exceedance (AAE) of computed critical loads for 
eutrophication in 2000 and 2020 under the BL, Low*, MID, High* and  
MTFR scenarios 
 
Source: CCE Status Report 2011.12
Notes: The areas with peaks of exceedances in 2000 (red shading) are markedly decreased in 
2020. However, areas at risk of nutrient nitrogen remain widely distributed over Europe in 2020, 
even under MTFR. 
17. The risks of air pollution impacts on plant diversity of terrestrial ecosystems have 
been estimated from vegetation dose-response relationships. Here a numerical estimation of 
the effects of scenario-specific nitrogen depositions is provided, based on Sorensen’s 
similarity index of the understorey vegetation of coniferous boreal woodlands and on the 
species richness of (semi-)natural grasslands or of arctic and (sub-)alpine scrub habitats. 
Tentatively, the change in biodiversity was computed to be significant when the indicator 
changed by more than 5% relative to its value for the control area, where nitrogen 
deposition was assumed to be equal to background deposition. Uncertainties associated 
with the calculation of this indicator prevented the use of its absolute values. It was 
therefore used only to evaluate the relative changes caused by differences between 
deposition scenarios.  
18. As shown in figure 9, the area at risk of a significant change in biodiversity because 
of nitrogen deposition evolves from covering many countries in 2000 to concerning 
predominantly northern Italy and the bordering area between Germany and the Netherlands 
in 2020 under the MTFR scenario.  
  
 12 Available from www.rivm.nl/cce. 
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  Figure 9 
Change in biodiversity for three types of EUNIS habitats (semi-natural grasslands, 
arctic and (sub-) alpine scrub habitats and understorey vegetation of coniferous 
boreal woodlands) 
 
Source: CCE Status Report 2011. 
Notes: The location of natural areas (covering about half, i.e., about 2 million km2, of the 
European natural area, where the computed change of biodiversity is higher than 5% (red shading) 
in 2000 (top-left) and in 2020 under the BL (top-centre), low* (top-right), MID (bottom-left), High* 
(bottom-centre) and MTFR (bottom-right) scenarios. 
 IV. Nitrogen also impacts on the environment as a precursor  
of ozone, with a risk of economic losses in agriculture,  
damage to forests and other vegetation and negative  
impacts on human health  
19. In the presence of volatile organic compounds, oxidized nitrogen is a precursor of 
ozone. Ozone is an oxidant that damages crops and (semi-)natural vegetation, including 
trees. It reduces growth and seed production, causes premature senescence and reduces the 
ability to overwinter and to withstand other environmental stresses such as drought. Ozone 
exposure may lead to visible injury symptoms such as chlorotic and bronze stippling of 
leaves.  
20. The International Cooperative Programme on Effects of Air Pollution on Natural 
Vegetation and Crops (ICP Vegetation) has shown that these effects are best assessed with 
critical levels derived with models representing ozone flux into leaves through microscopic 
pores (the stomata), rather than from ozone concentration in air. The proposed flux 
indicator was the phytotoxic ozone dose above a flux threshold Y (PODy). The Working 
Group recommends that PODy replace the previously used Accumulated Ozone Above the 
Threshold of 40 ppb (AOT40) as an indicator for ozone impacts on vegetation.  
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21. The ozone flux-based maps (figure 10) indicate that large forested areas of Central 
Europe and parts of Northern and Western Europe are at risk from adverse ozone impacts, 
as well as areas in Southern Europe, whatever the Gothenburg Protocol scenario 
considered. This could be explained by the favourable climatic conditions (e.g., high 
humidity) that enhance ozone stomatal flux in Northern and Western Europe at moderate 
ozone concentrations. In Southern Europe, ozone concentrations are high, but its flux into 
leaves is limited, as the stomata are closed for long periods during hot and dry hours of the 
day. In Northern and Western Europe, the stomata remain open for most of the day as the 
humidity is high and the temperature is low.  
  Figure 10 
The risk of adverse ozone impacts in 2020 on biomass production in forest using  
the generic deciduous tree flux model (POD1) for (a) BL2020, (b) MID2020 and 
(c) MTFR2020 
 
Source: ICP Vegetation. 
22. ICP Vegetation has calculated the costs incurred by the agricultural industry due to 
adverse ozone impacts. This flux-based European assessment assumes that irrigation is 
applied to ensure maximum crop growth. The study shows that about 27 million tons of 
wheat were lost due to ozone in 2000. With the baseline scenario, there will still be more 
than 16 million tons of wheat lost in 2020. For tomato, the number of tons lost is lower than 
for wheat (2.6 and 1.6 million tons in 2000 and 2020, respectively), as the overall quantity 
of tomatoes produced is less. But when converted to euros, the loss of tomato production is 
significant (table 1). Just for wheat and tomatoes, the economic loss will amount to nearly 
2.6 billion euros in 2020. 
  Table 1 
Predicted impacts of ozone pollution on wheat and tomato economic value in the 27 
EU countries (EU-27) + Switzerland + Norway in 2000 and 2020 under the current 
legislation baseline scenario (assuming irrigation is used when needed)  
Wheat Tomato 
 2000 2020 2000 2020 
     
Total economic value loss, billion euros 
Total production loss, million tons 
Percentage of EMEP grid squares exceeding 
the critical level 
3.20 
26.9 
84.8a
1.96 
16.5 
82.2a
1.02 
2.64 
77.8b
0.63 
1.62 
51.3b
Source: ICP Vegetation. 
a  Based on all grid squares with wheat production. 
b  Based on grid squares with more than 1 ton of production. 
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 V. Buildings and cultural heritage sites are soiled and corroded 
by atmospheric pollutants, with calculated trends hiding 
continued risks in urban areas 
23. Sulphur and nitrogen compounds in air and rain water together with ozone and 
particulate matter present in the atmosphere contribute to soiling and corrosion of buildings. 
This leads to considerable costs for the repair or cleaning of buildings, including cultural 
heritage sites.  
24. The International Cooperative Programme on Effects of Air Pollution on Materials, 
including Historic and Cultural Monuments (ICP Materials) evaluated the corrosion and the 
soiling associated with the different scenarios prepared for the revision of the Gothenburg 
Protocol. Maps showed significant decreases of impacts when air pollutant emissions 
declined (figure 11). However, calculations were only possible with the deposition 
averaged per EMEP grid cell (50 km x 50 km grid squares). This approximation hides hot 
spots of pollutant concentrations in urban areas, where the density of buildings is highest. 
Therefore, the effects of air pollutants on materials were underestimated here, as was 
confirmed by comparisons between model results and monitoring. Although it was 
predicted that corrosion and soiling would be less in 2020 than in 2000, the actual decrease 
is likely to be less. 
  Figure 11 
Combined indicator for materials based on individual targets for the indicators 
carbon steel, zinc and limestone corrosion, and soiling 
 2000    BL2020    Low* 2020 
 
  MID 2020 High* 2020 MTFR 2020 
 
Source: ICP Materials. 
Notes: 
 L: 2050 targets met for all indicators. 
 M: intermediate cases not belonging to Low or High. 
 H: 2020 target not met for at least one indicator. 
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 VI. Atmospheric pollutants cause cardiovascular and respiratory 
mortality and morbidity, with only a small decrease of 
impacts expected under current air pollution policies  
25. The evidence on impacts of air pollution on human health has grown significantly in 
recent decades. Atmospheric pollutants cause cardiovascular and respiratory mortality and 
morbidity. Exposure to anthropogenic fine particulate matter (PM2.5) is estimated to reduce 
life expectancy by about 8 months in Europe on average. In the more polluted cities, the 
impacts could be as high as 22 months of life expectancy reduction. Meanwhile, high 
concentrations (> 35 ppb or 70 µg/m3) of ozone lead to about 32,000 premature deaths per 
year.  
26. Studies in the United States of America and in Europe showed that reduction of 
population exposure to PM2.5 is associated with reduction of health impacts. In the United 
States study, a 7.3-month increase in life expectancy could be attributed to a decrease of 
PM2.5 by 10 µg/m3 over the 20-year period measured. About 15% of the overall 
improvement of life expectancy in the study areas could be attributed to the air pollution 
reduction.  
27. GAINS model results show the expected changes in human health indicators 
depending on the different Gothenburg Protocol scenarios (table 2). With the 
implementation of current policies, particulate matter impacts are expected to decrease by 
30% to 50% in 2020 as compared with 2000. Improvements related to ozone impacts will 
be smaller (around 25%). Non-EU citizens would gain substantially only if the more 
stringent policies are implemented, both in terms of life expectancy lost due to PM2.5 and in 
terms of premature deaths due to ozone exposure. Indeed, the population exposure to 
particulate matter estimated on the basis of coarse particulate matter (PM10) monitoring 
data available from European cities has not been decreasing, on average, in the past 10 
years. This indicates that the current policies and actions are not sufficient for reduction of 
the impacts of particulate matter on health. 
  Table 2 
Results from GAINS for human health improvements according to the Gothenburg 
Protocol scenarios  
   2020 
  2000 Base line LOW Low* Mid High* HIGH 
         
EU–27 8.1 4.1 3.8 3.8 3.6 3.3 3.2 Loss of average life 
expectancy due to PM2.5 
(months) 
Non-EU 8.3 7.2 6.0 6.1 4.7 3.6 3.7 
 Total  8.2 5.0 4.5 4.5 3.9 3.4 3.4 
EU–27 204.7 116.8 109.1 107.8 101.8 92.8 92.1 Years of life lost 
(YOLLs) (in millions) Non-EU 102.3 88.8 73.6 74.9 58.1 44.3 45.0 
 Total  307.1 205.5 182.7 182.7 159.9 137.1 137.1 
         
 15 
ECE/EB/AIR/WG.1/2012/13 
   2020 
  2000 Base line LOW Low* Mid High* HIGH 
         
EU–27 22 707 17 374 16 784 16 771 1 6431 16 198 15 640 Premature deaths 
attributable to ozone 
(cases/yr.) 
Non-EU 9 742 7 322 7 014 6 999 6 827 6 692 6 400 
 Total  32 449 24 696 23 798 23 771 23 258 22 890 22 039 
 Source: CIAM report 2011/4. 
 VII. Reduction of acidification is a policy success story, but 
emissions of nitrogen, ozone precursors and particulate 
matter require more stringent measures to protect human 
health, crops and ecosystems  
28. The Working Group indicators allow the evaluation of several observed and 
modelled effects of air pollution on specific sites, as well as at the European scale, for a 
given year or over several decades. These effects are in particular: 
(a) Eutrophication of terrestrial ecosystems caused by nitrogen compounds; 
(b) Acidification of aquatic and terrestrial ecosystems caused by both nitrogen 
and sulphur compounds; 
(c) Loss of vitality and economic values of forests and crops due to ozone; 
(d) The soiling and the corrosion of materials, including cultural heritage 
buildings, due to all atmospheric pollutants; 
(e) The impacts of ozone and particulate matter on human health, as these 
pollutants cause cardiovascular and respiratory diseases. 
29. The Working Group indicators are tools to assess past and estimate future progress 
due to the implementations of air pollution management policies. Increasingly, these 
indicators permit the quantification of interactions of air pollution with changes of 
biodiversity and climate, as recommended in the Long-term Strategy for the Convention 
(ECE/EB.AIR/106/Add.1, decision 2010/18).13 Today, in the context of the revision of the 
Gothenburg Protocol, the conclusions drawn from the use of these tools are similar. They 
clearly and robustly show that: 
 (a) Current legislation contributes to a general and notable alleviation of the 
risk to ecosystems and human health:  
(i) Areas at risk and the magnitude of impacts will continue to decrease until 
2020 irrespective of the kind of adverse effect reported (acidification, 
eutrophication, ozone or particulate matter impacts); 
 (ii) The control of acidification is an ongoing success story. Acidification has 
been significantly reduced over Europe since 1990. However, critical loads for 
acidification will continue to be exceeded in areas scattered over Central and 
Northern Europe, especially if only current legislation is implemented by 2020. 
  
 13 Available from http://www.unece.org/fileadmin/DAM/env/lrtap/conv/long-term_strategy.pdf. 
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Then, 4% of aquatic and terrestrial ecosystems in the EMEP domain and 7% of the 
Natura2000 areas in the EU-27 will continue to be at risk of acidification;  
 (b) However, large areas remain at risk, especially of eutrophication, of ozone 
and particulate matter impacts: 
 (i) Current legislation does not curb the risk of eutrophication to the same extent 
as acidification. Areas at risk of eutrophication cover 37% of terrestrial ecosystems 
in the EMEP domain and 58% of the Natura2000 areas in the EU-27;  
 (ii) Ozone levels in atmosphere are associated with economic losses for 
European agriculture calculated to be about 3 billion euros in 2020. High ozone 
concentrations are also responsible for over 32,000 premature deaths in Europe 
every year; 
 (iii) Particulate matter, ozone and acidifying compounds lead to expensive 
cleaning and repair of cultural heritage sites. More ambitious air pollution abatement 
scenarios (from the baseline to the MTFR scenario) will result in a bigger decline of 
effects (acidification, eutrophication, ozone or particulate matter effects) and a 
further decrease of the area impacted; 
 (iv) Dynamic model calculations indicate that the more stringent the deposition 
scenario, the faster ecosystems might recover. 
30. In order to reach these conclusions, the Working Group interdisciplinary and 
international approach has combined monitoring, experimentation and modelling 
techniques. This know-how is the result of 30 years of scientific research, managed in 
narrow collaboration with policymakers to answer the needs of policy development and 
implementation.  
31. Considering the present air pollution and the predicted changes in climate, the 
integration of long-term continuous monitoring, experimentation and modelling remains 
essential to keep and develop the tasks undertaken. Air pollution impacts are likely to 
change in a future climate and an integrated approach is required for monitoring and 
predicting future impacts on health, ecosystems functions and services, biodiversity and 
cultural heritage. As air pollution abatement policies have co-benefits for climate change 
and vice versa, an integrated assessment of both drivers of change is essential, and is a 
realistic task to continue with the Working Group indicators, models and scientific network. 
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